(1) In this study, we aimed to determine whether cytoglobin could scavenge oxygen free radicals produced by hypoxia-induced oxidative stress and protect cells.
INTRODUCTION
Cytoglobin was initially identified as a protein belonging to the globin family of proteins by Burmester in 2002 [1] . Cytoglobin differs from the better-known globins, hemoglobin, myoglobin and neuroglobin. Cytoglobin is widely expressed in many different tissues at different stages and is mainly present in the cytoplasm or nucleolus [2] . Cytoglobin is expressed in retinal tissue, including retinal ganglion cells, the inner nuclear layer and the inner and outer plexiform layers. The specific kinetics of this hexacoordinate globin is indicative of its role as a temporary oxygen reservoir, which might provide a minimal, but continuous supply of intracellular oxygen during ischemic and anoxic conditions [3] [4] . The specific localization of cytoglobin might be suggestive of an important role in oxygen homeostasis and ischemia-induced cell signaling in human retinas and optic nerves [5] [6] [7] .
Cytoglobin expression increases in response to various stress conditions, including hypoxia, oxidative stress and fibrotic stimulation [6] . Cytoglobin is strongly up-regulated by hypoxia, which suggests that its expression is induced by hypoxia and that it promotes cell survival [8] [9] [10] [11] . Fordel et al [8] found that cytoglobin mRNA expression increased in neuroblastoma N2a cells under oxidative stress. Moreover, resistance of cells to H 2 O 2 decreased and cellular necrosis increased after deletion of the cytoglobin gene. Exposure of SH-SY5Y cells to paraquat or H 2 O 2 results in a concentration-dependent and time-dependent induction of apoptotic and necrotic cell death. These findings suggest that cytoglobin protects SH-SY5Y cells against oxidative stress-induced cell death [9] . Hypoxia elevates expression of cytoglobin, which can enhance neuronal tolerance to hypoxia [10] .
The discovery of hypoxia-inducible factor-1 and the subsequent identification of other members of the hypoxia-inducible factor-1 family of transcriptional activators has provided insight into the molecular underpinnings of oxygen homeostasis. Hypoxia-inducible factor-1α expression mainly depends on intracellular oxygen supply, and it is a multifunctional transcription factor that participates in the response to cell and tissue hypoxia [3] [4] [12] [13] [14] . Numerous studies have shown that expression of hypoxia-inducible factor-1α is low in brain tissues with normal oxygen content, but rapidly increases after acute hypoxia [15] [16] [17] . Wystub et al [7] showed that cytoglobin contains both hypoxia response elements, which can bind hypoxia-inducible factor-1, suggesting that cytoglobin expression is regulated by the transcription factor.
In this study, we transfected the cytoglobin gene into SH-SY5Y cells using Lipofectamine 2000 to examine the expression of cytoglobin and hypoxia-inducible factor-1α, and the neuroprotective effect of cytoglobin in SH-SY5Y cells following cobalt chloride-induced hypoxia.
RESULTS

Generation of stably-transfected SH-SY5Y-green fluorescent protein (GFP)-cytoglobin cell lines
Fluorescence microscopy showed GFP expression after SH-SY5Y-GFP-cytoglobin transfection. Under an excitation wavelength of 488 nm, green fluorescence was emitted from the SH-SY5Y cells (Figure 1 ).
Changes in cytoglobin and hypoxia-inducible factor-1α protein expression in SH-SY5Y cells after hypoxic injury
Western blotting revealed that expression of cytoglobin at 0 hours was low in the non-transfected group, while in the transfected group, the expression of cytoglobin was upregulated significantly. Compared to the non-transfected group, the expression of cytoglobin increased in the transfected group in a time-dependent manner (P < 0.01, P < 0.05; Figure 2 , Table 1 ).
Hypoxia-inducible factor-1α expression was almost undetectable in the transfected and non-transfected groups.
With increasing duration of hypoxia, the expression of hypoxia-inducible factor-1α increased significantly in both groups (P < 0.01, P < 0.05; Figure 3 , Table 2 ). 
DISCUSSION
PAcGFP1-C1 is composed of a GFP reporter gene, the SV40 promoter, restriction enzyme sites and the kanamycin and neomycin resistance gene. Under the fluorescence microscope, using about 490 nm ultraviolet excitation, green fluorescence emitted by the GFP reporter can be observed. It is easy to construct fusion proteins with the GFP reporter while maintaining its ability to emit fluorescence. Cobalt chloride is a chemical that is widely-used to simulate hypoxia [12] . The Fe 2+ in heme on the cell surface can be replaced by CO 2+ , thereby impairing oxygen signaling and transport and inducing hypoxia. In this study, we generated SH-SY5Y cells expressing GFP-cytoglobin, and green fluorescence was emitted by these cells under the fluorescence microscope, which shows that pAcGFP1-Cl-cytoglobin was successfully transfected into the cells and that the fusion protein was expressed. Many studies have shown that cytoglobin is upregulated by hypoxia [15] [16] [17] [18] . The expression of cytoglobin in mouse brain, liver, heart and skeletal muscle is dependent on oxygen concentration, and varies according to tissue and developmental stage. In this study, cytoglobin expression was low in the non-transfected group, but high in the transfected group. With increasing length of hypoxia, cytoglobin expression steadily increased in both groups. This result is similar to a previously published study [5] .
Wystub et al [7] demonstrated that the oxygen dependence of cytoglobin expression was mediated by hypoxia-inducible factor-1. In the present study, cytoglobin expression was detectable after hypoxia and gradually increased in a time-dependent manner. These results verified that acute hypoxia upregulates cytoglobin and hypoxia-inducible factor-1 expression, which indicates that cytoglobin expression increases in hypoxic cells through the hypoxia-inducible factor-1 pathway.
Flow cytometry results showed that the proportion of cells in the early stages of apoptosis was remarkably reduced among cells transfected with cytoglobin, and cell viability was significantly higher, which suggests that cytoglobin can protect cells by suppressing hypoxia-induced cell death. Table 2 Relative protein expression of hypoxia-inducible factor-1α (absorbance ratio to β-actin) in SH-SY5Y cells after hypoxia In summary, our findings indicate that cytoglobin overexpression reduces cobalt chloride-induced nerve cell death.
The recombinant cytoglobin gene was effectively transfected into neuronal cells and had a neuroprotective effect. Moreover, hypoxia-inducible factor-1α protein expression increased. These results indicate that the oxygen dependence of cytoglobin expression is associated with hypoxia-inducible factor-1.
MATERIALS AND METHODS
Design
A genetic engineering, in vitro controlled experiment. Western blot analysis of cytoglobin and hypoxiainducible factor-1α protein expression in SH-SY5Y cells Cells were examined at 0, 2, 6, 12 and 24 hours of hypoxia. Total protein was isolated. Protein concentrations were determined using the bicinchoninic acid method according to the manufacturer's protocol (Beyotime Institute of Biotechnology, Shanghai, China). After electrophoresis, proteins were transferred onto a membrane. The membrane was then immersed in Tris-buffered saline for 10 minutes, and blocked with 5% nonfat milk for 1 hour, washed twice in Tris-buffered saline (each for 5 minutes), and then probed overnight at 4°C with rabbit anti-rat cytoglobin and hypoxia-inducible factor-1α polyclonal antibodies (1:1 000; Santa Cruz Biotechnology, Santa Cruz, CA, USA). After two washes in Tris-buffered saline (each for 5 minutes), membranes were incubated with horseradish peroxidase-labeled goat anti-rabbit IgG (1:10 000; Beyo-time, Haimen, China) for 2 hours at room temperature. After two washes in Tween-Trisbuffered saline and two washes in Tris-buffered saline (each for 5 minutes), the immunoreactive bands were then visualized. β-actin was used as the internal control. The immunoblots were scanned using Chemi Imager 5500 V2.03 software (AlPha InnCh, Miami, FL, USA), and absorbance values were calculated using FluorChem 2.0 software (Olympus, Tokyo, Japan) and normalized against β-actin.
Time and setting
Detection of SH-SY5Y cell apoptosis by flow cytometry
Cells were obtained at 0, 6, 12 and 24 hours of hypoxia. After the supernatant was removed, cells were washed twice in PBS and digested in 0.25% trypsin. The digestion was terminated with medium. A single cell suspension (1 × 10 6 /mL) was prepared and centrifuged at 800 r/min for 10 minutes. The supernatant was discarded and the cell pellet was recovered (approximately 50 μL medium was left to prevent loss of cells). 1 mL pre-cooled PBS was added, and cells were resuspended and centrifuged at 800 r/min for 10 minutes. The supernatant was discarded (approximately 50 μL PBS was left) and cells were resuspended after adding 195 μL Annexin V-FITC (Bo Ling Ke Biological Science and Technology Co., Ltd., Beijing, China). Following addition of 5 μL Annexin V-FITC, the cells were incubated at room temperature in the dark for 10 minutes and centrifuged at 800 r/min for 10 minutes. Supernatant was carefully removed, and about 50 μL liquid was left. Cells were resuspended after addition of 190 μL Annexin V-FITC conjugate. Cells were stained with 10 μL Annexin propidium iodinate and stored in an ice bath in the dark. A fluorescence-activated cell sorting machine (Becton Dickinson, San Jose, CA, USA) was used to examine the protective role of cytoglobin and hypoxia-inducible factor-1α in SH-SY5Y cells following cobalt chloride-induced hypoxia.
Statistical analysis
All data were presented as mean ± SD. One-way analysis of variance was used to compare differences among groups using SPSS 13.0 software (SPSS, Chicago, IL, USA). Dunnett's post hoc test was applied to compare intergroup differences if one-way analysis of variance revealed a significant difference. A level of P < 0.05 was considered statistically significant.
